IMPLICATIONS AND CONTRIBUTION
Adolescent unhappiness does not influence parents' mental distress. Girls' but not boys' unhappiness is affected by parents' mental distress. There are reciprocal effects of parents' mental distress in families with a daughter, but in families with a son the relationship goes from mother to father, and not vice versa.
Adolescence, defined by the World Health Organization as lasting from age 10e19 years, is a pivotal development stage which is second only in the life course to the fetal period and infancy in the rate of growth and change throughout the body [1] . It is a time of dramatic brain development, during which individuals mature physically, psychologically, and socially from childhood to adulthood and when the rate of onset of most mental health disorders peaks [2] . As such, it has been proposed that adolescence be considered as a critical or sensitive period in the life course for later health and well-being [1] .
Maintaining well-being among adolescents is a key to ensuring healthy physical and social development and a successful transition to adulthood. Following Bowen's Family Systems Theory [3] , in which the family is considered to be a complex, integrated system, family members each have an important role in one another's mental health and well-being. This may be particularly true for family systems which include an adolescent experiencing the changes associated with this developmental stage, which can be disruptive to other family members. The mental health of an adolescent or their parents should not be considered in isolation, but rather in the context of the family as a whole. In this context, we aim to investigate whether there are reciprocal influences of parents' mental distress on early and mid-adolescent children's unhappiness and vice versa.
In recent years, there has been growth in research in this area, particularly in the psychology literature. Examples from this literature consider both the effect of the parent on the adolescent and the reciprocal effect of the adolescent on the parent [4e11] and the effect of both parents on the adolescent [4,6,12e18] . Although some studies analyze longitudinal data [4,6,8e11,13,16] , to our knowledge, only two studies use longitudinal data to look at reciprocal effects of adolescents and both parents on one another [4, 6] .
In their 1995 study, Ge et al. [6] used three waves of annually collected panel data on 368 adolescent-mother-father triads in cross-lagged models, with the aim of investigating the mutual influences on psychological distress. They found that the psychological distress of adolescents and their parents was reciprocally associated over time and that there were gender differences in the associations observed: the strongest effects were between adolescents and their opposite gender parent.
The study by Powdthavee and Vignoles [4] addresses the question of whether parental mental distress influences adolescent life satisfaction, and vice versa, using data from 10 waves of annually collected panel data on 1,175 adolescents and their parents in multilevel multivariate response models. They found that parental distress measured at the previous year predicted adolescent life satisfaction, with boys unaffected by maternal distress levels. In addition, father's, but not mother's, mental distress was predicted by adolescent life satisfaction from the previous year.
Neither of the two existing longitudinal studies which investigated the reciprocal effects that adolescents and both parents have on one another modeled all these effects simultaneously in the same model. In previous work, we have shown that reciprocal effects were present for young children of both sexes [19] . However, parent-adolescent relationships might be quite different and gender differences might be more important at this stage than at younger ages. The existing literature on adolescents supports this hypothesis, with more consistent effects found where the family includes an adolescent girl [4, 15, 20] .
We aim to contribute to the existing literature with analyses of data on adolescent children and their parents in the first five waves (2009/10e2014/15) of Understanding Society, the UK Household Longitudinal Study (UKHLS). The study takes advantage of the repeated measures collected in UKHLS to investigate mental distress of parents and unhappiness of children during the dynamic phase of early and midadolescence. We use repeated-measures structural equation models to simultaneously estimate the following effects: (1) maternal mental distress on adolescent unhappiness; (2) paternal mental distress on adolescent unhappiness; (3) adolescent unhappiness on maternal mental distress; (4) adolescent unhappiness on paternal mental distress; (5) maternal mental distress on paternal mental distress; and (6) paternal mental distress on maternal mental distress. We investigate these relationships longitudinally and contemporaneously and explore whether the effects differ according to the gender of the adolescent.
Methods

Data and sample
The data used for this work were drawn from waves one to five of UKHLS, a household panel study which sampled around 50,000 households, resulting in a sample at wave one of approximately 41,000 individuals living in 26,000 households across the United Kingdom who have been surveyed annually since 2009/10 [21] . UKHLS and secondary analyses of UKHLS data have been approved by the University of Essex Ethics Committee.
The analytic sample was restricted to adolescent-motherfather triads living in the same household which include a member of the UKHLS youth panel (participants aged 10e15 years) and their natural, adoptive, or step mother and father (N ¼ 4,659), all of whom were members of the UKHLS general population sample. Where a household included more than one member of the youth panel, one member was selected at random.
After these restrictions to the data, we had 7,273 years of outcome data from 4,659 unique triads. Of this, 3,295 years of outcome data from 1,883 unique triads had lagged data on adolescent unhappiness and maternal and paternal mental distress so could be included in our models. Of the triads in our final analytic sample, 50% were present for two waves, 29% for three waves, 17% for four waves, and 4% for all five waves, with the main reason for moving in or out of our sample being the child's age since children are only eligible to be in the youth sample from age 10e15 years.
Variables
Maternal and paternal mental distress: at each of waves one to five, adult UKHLS participants (age 16þ) answer the GHQ-12 [22] during a computer-assisted personal interview. This is a screening scale designed to identify minor psychiatric disorders in the general population. Each item is scored on a four-point Likert scale, and all responses are summed to give a total score on a scale from 0 to 36, with higher scores indicating greater mental distress.
Adolescent unhappiness: at each of waves one to five, members of the UKHLS youth panel (age 10e15 years) are asked to respond to a paper and pencil self-completion questionnaire in which they are asked about their happiness or unhappiness with various aspects of their lives: their school work, appearance, family, friends, school, and life as a whole. Responses are scored on a seven-point Likert scale. The six items all load onto the same factor (a ¼ .73), therefore, it is appropriate to sum them to give a summary scale, with a range of values from 0 to 36. This score is used in a growing social science literature (e.g., [23e25]) and measures the cognitive component of children's subjective wellbeing [26] and higher scores indicate greater unhappiness.
Covariates: adolescent gender is considered as a potential moderator of the relationships between parental mental distress and adolescent unhappiness. Other covariates considered for inclusion in models are adolescent, maternal and paternal age (all treated as continuous), marital status of the parents (binary married or cohabiting), logged equivalized household income (continuous) and the number of additional children aged 0e15 years living in the household (categorized as 0, 1, or 2þ). Table 1 shows the analytic sample in terms of the key variables of interest. Half the observations were of triads including an adolescent girl, and the adolescents were roughly evenly distributed by age in years. Nearly 90% of observations were of triads in which the parents were married.
Analysis strategy
Pearson's correlation coefficients were calculated for adolescent unhappiness and maternal and paternal mental distress at the five waves, stratified by adolescent gender. Mean scores for adolescents, mothers, and fathers in the analytic sample were calculated according to gender of adolescent, age of adolescent, mother and father, parental marital status, equivalized household income quintile and the number of additional children living in the household.
In our investigation of the reciprocal relationships between maternal mental distress, paternal mental distress and adolescent unhappiness we follow Brezina [27] who compared the results from cross-lagged longitudinal and nonrecursive contemporaneous models to investigate the reciprocal relationship between parent and child aggression. Brezina suggests that both strategies have distinct assumptions and limitations and that the comparison of results is useful: if we see a consistent pattern of findings this can increase our confidence in the findings of a particular model [27] . We extend Brezina's dyadic models to include maternal, paternal, and adolescent child effects using longitudinal (cross-lagged effects, Figure 1A ) and contemporaneous (nonrecursive effects, Figure 1B ) repeatedmeasures structural equation models with 1-year lags. The contemporaneous models include 1-year lagged measures of all three outcome variables, so are equivalent to conditional change models.
With both modeling strategies we initially ran unadjusted models, including maternal GHQ-12, paternal GHQ-12, and adolescent unhappiness measured at t-1 and t, with paths as illustrated in Figure 1 . In the contemporaneous model, we included paths from maternal GHQ-12, paternal GHQ-12, and adolescent unhappiness at t-1 to the same measure at t to take account of stability effects. Based on the existing literature we hypothesized interactions by adolescent gender [4, 15, 20] and adolescent pubertal status [28] . Since UKHLS does not include measures of pubertal status, we used adolescent age as a proxy. To test for interactions with adolescent age at outcome (10e12 and 13e15 years) and gender, these two variables were separately used as grouping variables and Lagrange multiplier tests and Wald tests were performed to test whether parameters allowed to vary across groups could be constrained to be equal. These tests, along with likelihood ratio tests, supported stratification of analyses by adolescent gender and the incorporation of a number of interactions between adolescent age and covariates. There were no age interactions in the main associations of interest. Paths were added from the age of both parents, marital status of parents, the logged equivalized household income, and number of other children in the household measured at time t to each of the outcomes measured at time t. In all models, paths from maternal age, paternal age, and number of other children in the household to each of the outcome variables were nonsignificant at the 90% level so were removed using stepwise backward elimination, checking at each stage that model fit was not poorer. Two sensitivity analyses were run. First, on an analytic sample restricted to triads in which the mother and father were the natural parents of the sample adolescent (N triads ¼ 1,807; n observations ¼ 3,177), we tested the effect of whether the sample adolescent was the eldest child of their mother and father. We reran the final models with additional paths from being the maternal eldest to maternal GHQ-12 and adolescent unhappiness and from being the paternal eldest to paternal GHQ-12 and adolescent unhappiness. Second, we tested whether the associations observed in our main models were seen in models using adolescent children's Strengths and Difficulties Questionnaire (SDQ) scores rather than unhappiness scores. SDQ has a correlation of .54 (p < .001) with unhappiness. Since SDQ is administered at every other wave of UKHLS, in this analysis, two-year lags for maternal and paternal GHQ-12 and adolescent SDQ were used, therefore, the sample size was reduced somewhat (N triads ¼ 885; n observations ¼ 982).
All analyses were undertaken in Stata 13, and models were built using the sem command. Table 1 gives mean unhappiness and GHQ-12 scores and their standard deviations for adolescents and their parents, by the covariates of interest. Mean adolescent unhappiness and parental GHQ-12 scores did not differ significantly according to the gender of the adolescent but were poorer for adolescents and their mothers in families with older adolescents (age 13e15 years at outcome compared with age 11e12 years). There appeared to be differences according to maternal and paternal age, with trends toward greater unhappiness for adolescents in families with older parents, higher GHQ-12 scores for fathers when fathers were older and lower GHQ-12 scores for mothers when either parent was older. Unhappiness and GHQ-12 scores for all triad members were lower in families with married rather than cohabiting parents and with higher household incomes. Table 2 gives Pearson's correlation coefficients between adolescent unhappiness and maternal and paternal GHQ-12 at waves 1e5, stratified by adolescent gender. Within-individual measures correlated over time, with, in general, a weakening of the correlation when measurements were more years apart, particularly in adolescents. Correlations between family members were relatively weaker, and the correlation between adolescent unhappiness and their parents' GHQ-12 was weaker than that between the GHQ-12 of the two parents. Unhappiness of female adolescents and mental distress of their fathers showed very few statistically significant correlations. Table 3 gives the mean unhappiness scores for each of the measures of unhappiness and for the overall unhappiness scale. Student t-tests showed that boys were less happy with school work, and girls were less happy with their appearance and their lives in general, while on the other measures and for the total score, there were no statistically significant differences. Table 4 shows the results of the structural equation modeling. We found that there was continuity in unhappiness and GHQ-12 over time within individuals and that inter-relationships between unhappiness and GHQ-12 of triad members differed according to the gender of the sample adolescent. In triads in which the sample adolescent was a girl, we observed positive associations of both maternal and paternal GHQ-12 on the other parent's GHQ-12 and the adolescent's unhappiness. This was not the case in our models including triads with a boy: in these models, we saw a positive association of maternal GHQ-12 on paternal GHQ-12 but no other interindividual effects. Consistent across all our models, irrespective of adolescent gender, was the lack of association unhappiness of the sample adolescent had on the GHQ-12 of their parents. Our results were very similar, in terms of statistical significance, whether we looked at the relationships longitudinally, as in our cross-lagged effects model, or contemporaneously, as in our nonrecursive effects model. 
Results
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.41*** .49*** .58*** 1.00 Where there were statistically significant interindividual effects, the effect sizes were slightly larger in the contemporaneous effects models. Additional paths to adjust for whether adolescents were their parents' eldest child did not alter the main effects, and the paths themselves were not statistically significant (results not shown) with the exception of the path to maternal GHQ-12 in models where the sample adolescent was male, where being the eldest reduced maternal GHQ-12 similarly in longitudinal and contemporaneous models (b ¼ À.40, 95% CI ¼ À.74 to À.06).
Analyses using adolescent SDQ and two-yearelagged measures showed continuity in SDQ and GHQ-12 but, for the most part, no effects of parental GHQ-12 on adolescent children's SDQ or vice versa (results not shown). The exception here was the path from maternal GHQ-12 to adolescent SDQ in triads with an adolescent son: adjusted models did not converge but in unadjusted models higher maternal GHQ-12 was linked to higher SDQ 
Discussion
Inter-relationships between mental distress of parents and unhappiness of adolescent children were dependent upon the gender of the adolescent in the household: unhappiness of adolescent girls was affected by parents' mental distress, but this was not the case for adolescent boys. Similarly, reciprocal effects of maternal and paternal mental distress were evident in families with an adolescent daughter, but when the adolescent was a son the relationship only went from mother to father, and not vice versa. However, there were some similarities across families: first, whether the adolescent was a girl or a boy, their unhappiness did not affect parents' mental distress, and second, unhappiness of adolescents and mental distress of parents showed continuity over time. Our results did not substantively differ when we investigated relationships contemporaneously or longitudinally: although in the contemporaneous model effect sizes appeared slightly larger, CIs were largely overlapping. To our knowledge, this is the first study to simultaneously estimate the inter-relationships between unhappiness of adolescent children and mental distress of mothers and fathers, for which we have used longitudinal data from a population representative sample.
Our findings suggest that, in households with an adolescent daughter, there is greater social sensitivity among family members. Our finding of a gender difference in the inter-relationships between mental distress of parents and unhappiness of adolescent children is reflected in much of the existing literature. Powdthavee and Vignoles [4] found an effect of maternal psychological distress on the life satisfaction of girls but not boys, while Ranoyen et al. [15] found stronger and more consistent associations between parents' and daughter's mental health than between parents' and son's mental health, Landman-Peeters et al. [20] concluded that intergenerational transmission of emotional disorder was strongest when one or both of the affected parent and child are of female gender and Van der Valk et al [11] . found reciprocal relationships between parental marital distress and adolescent emotional adjustment where the adolescent was a girl, but no relationships where they were a boy. Conversely, Ge et al. [6] found reciprocal effects between adolescent and parent psychological distress were stronger with the opposite sex parent for both boys and girls. Van der Valk et al. [11] discussed the gender difference they observed in the context of adolescent girl's greater social sensitivity and suggested that this could lead to greater interpersonal involvement, resulting in other relationships within the family being more affected by girl's well-being than by boy's, an explanation which may be of relevance to our findings. Our finding of similar effects in our cross-lagged (longitudinal) and nonrecursive (contemporaneous) models can serve to increase our confidence in our findings [27] , and our observation of slightly larger effects in the contemporaneous model compared with the longitudinal model reflects similar observations in the literature [13, 27] . Although our observed effect sizes for the inter-relationships between parental mental distress and adolescent unhappiness are small, these are of similar size to those in previous studies (e.g., [4, 13] ). Adachi and Willoughby [29] justify the importance of even very small effects in longitudinal autoregressive models: since past levels of the outcome are adjusted for to take account of "stability effects," the size of the effect of the predictor on the outcome is greatly reduced. Furthermore, small effects are not necessarily trivial, particularly when they reflect an ongoing process related to the well-being of individuals and families [30] .
Despite its novel contribution to the literature, our work has the following limitations. First, the analyses performed here were restricted to families with an adolescent child and a mother and father present in the household. This excludes two important and interesting groups from our analyses, namely single parent families and families in which parents are of the same gender. In their investigation of the relationship between parental psychiatric problems and children's behavioral and emotional problems, Schleider et al. [31] highlighted the importance of family structure, but unfortunately our analytic method did not allow for us to include a wider range of family forms.
Second, we only investigated the relationships between unhappiness and mental distress of one randomly selected adolescent and their parents. Although we recognize the important influences on adolescents' unhappiness of the wider social context, including siblings and peers (e.g., [32] ), our models did not allow for data from other children present to be included and data on peers were not available. Our exploration of the influences of the presence of other children is therefore restricted to the number of other children in the household and whether the sample adolescent was their parents' eldest child. Neither influenced the associations between adolescent unhappiness and parental mental distress. Future work should explore associations between unhappiness of siblings and the effect of sibling gender.
Third, unlike some excellent examples from the existing literature, we have not explored the pathways through which adolescents' unhappiness and parents' mental distress might influence each other. Existing hypothesized pathways which have met with some support include parenting practices [12, 14] , parent-child relationship quality [4, 17] , and parental marital relationship quality [9, 11, 14] . Leinonen et al. [14] found that the effects of parental mental health on child adjustment were completely mediated by marital interaction and parenting style, whereas Woodhouse et al. [17] found that perceptions of mothers as a secure base, in terms of attachment, mediated the relationship between maternal and adolescent depressive symptoms. When Blodgett Salafia et al. [9] investigated similar research questions they found some mediation by marital conflict in the bidirectional relationship between maternal emotional distress and adolescent internalizing and, particularly externalizing, behaviors. Unfortunately similar analyses were not possible here, since marital quality and quality of relationships children have with their parents are measured only at alternative waves in UKHLS. Fourth, due to a lack of relevant data, we have not been able to take account of whether participants have received treatment for unhappiness or mental distress. Any bias this has introduced has likely led to an underestimation of associations between parental mental distress and adolescent unhappiness.
The unhappiness scale has been measured previously in the Millennium Cohort Study and the British Household Panel Survey and is robust alongside other measures of well-being [24e26]. Clair used the same measures, taken from British Household Panel Survey, to indicate child life satisfaction in an investigation of the effect of parental life satisfaction on adolescent life satisfaction [13] . Sensitivity analyses using SDQ, which provides an alternative measure of young people's well-being, showed, for the most part, no effects of parents' GHQ-12 on their adolescent children's SDQ or vice versa. We suggest that this is due to the use of two-year lags which reduced the analytic sample size. This also reinforces our hypothesis that adolescence is a dynamic time during which the inter-relationships between the mental health and well-being of family members should be investigated over short follow-up periods to detect effects.
Our findings contribute importantly to the existing literature on the influence parents and their adolescent children have upon each other's well-being. Our results are in line with most of the existing literature: mental distress of parents has an influence on unhappiness of adolescent daughters but not sons, and mental distress of one parent can influence that of the other, particularly when there is an adolescent daughter in the family. While sociological and psychological literature has broached the concept of reciprocity in parent-child relationships, [33] this has not always translated in the design and implementation of interventions. Yet reciprocity has implications for the etiology, maintenance, assessment, and treatment of psychological and behavioral problems [34] . Our results suggest that family dynamics should be considered when assessing and treating adolescents and their families.
